Background. The aim of the study was to evaluate the safety and adequacy of high vascular ligation while performing surgery for left-sided colon cancer. We performed a retrospective analysis of prospectively collected data of patients operated laparoscopically for sigmoid or descending colon cancer in a single tertiary care institution over a period of 10 years. Patients and methods. Between January 2007 and December 2016 hand-assisted laparoscopic surgery (HALS) was performed on 228 patients due to invasive and histologically verified descending or sigmoid colon cancer with high ligation of inferior mesenteric artery and vein. Patients who had carcinoma in situ were excluded. The following variables were collected and prospectively studied: age, sex, cancer localization, cancer stage, type of surgery, operative time, lymph node harvest, intraoperative complications, conversions, duration of hospital and postoperative stay, postoperative complications occurring within 30 days. Complications were assessed by Clavien-Dindo classification. Results. Patient mean age was 64±10 years (range, 40 -86). There were 112 females (49.1 %) and 116 males (50.9 %). A total of 149 (65.5 %) sigmoid colectomies and 79 (34.5 %) left hemicolectomies have been performed. There were total of 71 (31 %) patients with stage I disease, 67 (29.7 %) -stage II, 65 (28.4 %) stage III and 25 (10.9 %) stage IV. Aerage operative time was 105±39 minutes (range, 45-270). Average harvested lymph node count was 16.5±10 (range, 10 -90). Length of postoperative stay was 6.3±3.2 days (range, 1-30). Eleven (4.82 %) patients had complications, three of them (1,3%) were reoperated. There was no anastomotic leakage detected in this group of patients. Conclusions. Our data support the opinion, that high vascular ligation while performing surgery for left sided colon cancer is safe. Recorded lymphnode harvest confirms oncological adequacy of such an approach.
Introduction
Despite a large number of articles in the literature up to date on high versus low (more correctly intermediate -below left colic artery (LCA)) ligation of inferior mesenteric artery (IMA) while performing surgery for left sided colon or rectal cancer, there is still controversy which kind of ligation should be routinely performed. More than a hundred years ago, regardless that understanding of many mechanisms of cancer was still lacking, British surgeon Moynihan (1) noted that "for cancer of the sigmoid flexure and rectum, it requires removal of the growth and healthy intestine on each side of it, and the excision of all glands which lie along the arteries as far as the mesenteric inferior artery at its origin from the aorta". The concept of high ligation to achieve adequate lymphatic clearance was very straightforward and was practiced by many surgeons for years. Alternative approach has been also used -preservation of LCA and ligation of IMA just below the orifice of LCA. Two important studies came out of St. Marks hospital comparing high versus low ligation for rectal and rectosigmoid cancer -though both retrospective in nature -demonstrating no survival benefit in either group (2, 3) . High ligation of IMA in a way lost its sacramental significance. In addition, possible adverse effect of high IMA ligation related to poorer blood supply in proximal colon compared to preserved LCA in surgery for rectal cancer was reported (4), and doing less safe rather than more with no clear advantage sounded reasonable.
32
Our study aimed to evaluate the safety and adequacy of high vascular ligation while performing surgery for left sided colon cancer. We performed a retrospective analysis of prospectively collected data of patients operated laparoscopically for sigmoid or descending colon cancer in a single tertiary care institution over a period of 10 years.
Patients and methods
Between 2007 and 2016 all patients undergoing handassisted laparoscopic surgery (HALS) for left sided colon and rectal cancer in a single tertiary care institution (National Cancer Institute) were included in a prospective databasea total of 473 patients were identified. We made a detailed analysis of 228 patients from above mentioned group who underwent HALS due to invasive and histologically verified descending or sigmoid colon cancer. All of them underwent either laparoscopic hand assisted left hemicolectomy or laparoscopic hand assisted sigmoid colectomy depending on the localization of the tumour. Patients who had carcinoma in situ were excluded from the study. The following variables were collected and prospectively studied: age, sex, cancer localization, cancer stage, type of surgery, operative time, lymph node harvest, intraoperative complications, conversions, duration of overall and postoperative stay, postoperative complications occurring within 30 days. Complications were assessed by Clavien-Dindo classification.
Surgical technique. Through 6 -6.5 cm transumbilical incision a hand port (Dextrus, Ethicon Johnson and Johnson, USA) was introduced into the abdomen. Additional two ports on the right side -10 and 12 (camera and operative ports respectively) -were introduced using hand control. For mobilization of splenic flexure, additional 5 mm port in the left iliac region was used. With surgeon on the right side and the patient in a head down position, lateral to medial mobilization of the left colon was performed. After doing so, incision in the peritoneum was made on the right side of the mesentery at the level of promontorium, and IMA was mobilized all the way up to1-2 cm from the aorta and ligated after identifying the left ureter, and taking care and preserving autonomic nerves. Further on, a mobilization and high ligation of inferior mesenteric vein was done.
Descriptive statistics for qualitative data are presented in frequency tables, for quantitative data mean values with standard deviations are presented. Data were analysed using IBM SPSS Statistics 21 statistical analysis software.
Results
Mean patients age was 64 ±10 years (range, 40 -86). There were 112 females (49.1 %) and 116 males (50.9 %). A total of 149 (65.5 %) sigmoid colectomies and 79 (34.5 %) left hemicolectomies have been performed (Table 1 ). There were total of 71 (31 %) patients with stage I disease, 67 (29.7 %) -stage II, 65 (28.4 %) stage III and 25 (10.9 %) stage IV ( Table 2 ). Average operative time was 105±39 minutes (range, 45-270). Average harvested lymph node count was 16.5±10 (range, 10 -90). Length of postoperative stay was 6.3±3.2 days (range, 1-30) ( Table 3 ). Eleven (4.82 %) patients had complications (Table 4 ). One occurred during operation due to a bleeding from mesenteric vessels caused by malfunction of suturing device, a conversion to laparotomy has been performed in order to ligate mesenteric artery and vein. One patient after operation was diagnosed with bowel obstruction due to intraabdominal infiltration of anastomotic site, no intervention has been performed. After administration of antibiotics, clinical symptoms of intestinal 
Discussion
In this study with 228 unselected patients (among them approximately 50% having one or more comorbidities) who underwent laparoscopic hand assisted left hemicolectomy or sigmoidectomy for sigmoid or descending colon cancer with high ligation of IMA we did not have a single anastomotic leakage over the period of 10 years. Thus we reviewed all the objective data in the literature on reduction of blood flow in the colon proximal to anastomosis after ligation of IMA at the level of aorta, not preserving LC artery. Dworkin et al while investigating influence of clamping of IMA and its influence on the blood flow of sigmoid colon used Doppler flowmetry (4). They measured blood flow change during mobilization of the sigmoid colon before excision of sigmoid colon or rectum in 26 patients and monitored blood flow proximal to colorectal anastomosis during five postoperative days in five patients. The significant fall of sigmoid colon serosal flow after ligation was recorded and no increase of perianastomotic colonic perfusion was noted during first five postoperative days. No correlation with surgical results was determined. Seike et al measured colonic blood flow proximal to anastomosis in 96 patients using Doppler flowmetry while clamping IMA or LCA (5) . Only ten of those patients were operated for sigmoid, and all the rest -for rectal cancer. They concluded that colonic blood flow at the proximal site of the anastomosis was significantly decreased by either IMA or LCA clamping, and that IMA clamping was related with marked reduction of blood flow especially in elderly and male patients. As an example, three elderly patients received IMA clamping were among the 19 who demonstrated more that 50 percent of reduction of blood flow -and two of them suffered from severe anastomotic ischaemia. Both of them underwent ultralow anterior resection, and no such evidence was demonstrated in sigmoid cancer patient group. Komen et al used Doppler flowmetry in 33 patients -16 underwent high tie with ligation of IMA and 17 low tie with preservation of LCA (6) . All patients were operated for rectal cancer. Blood flow was higher in low ligation group, but it did not have a reflexion on surgical results -there was one anastomotic leakage in each group. Guo et al used marginal artery stump pressure measurements in 57 Chinese patients undergoing rectal cancer surgery, randomly distributed in two groups: high IMA ligation and low ligation with preservation of LCA and removal of lymph nodes around the IMA root (7) . Patients with preserved LCA had better blood supply, but very importantly they demonstrated that anastomotic blood supply negatively and linearly correlated with distal colon length. There was no difference in anastomotic leakage rate in both groups. Summarizing these four studies, it should be noted that most of them are conducted with rectal cancer patients, and this is not the same colon which we use for anastomosis as after left hemicolectomy or sigmoidectomy. One study clearly demonstrated that marginal artery stump pressure is related with distal colon length (7) , thus effect of IMA high ligation has objectively more impact for the colon which is used for anastomosis after rectal resection than after surgery for left colon cancer. Besides, additional factors are related with anastomotic leakage in rectal cancer surgery compared to colon cancer surgery, and rates of leakage are much higher after surgery for rectal cancer. So we have no objective data in the published literature to prove that clinically significant reduction of blood flow after left hemicolectomy or sigmoidectomy while performing high IMA ligation exists, and there is no data to support the fact that reduction of blood flow is so severe that can be proved to be related with incidence of anastomotic leakage or safety of anastomotic integrity.
Tocchi et al in a study where resection of the left colon was performed for diverticular disease divided patients into two groups: in one group (77 patients) IMA of was ligated at its origin near aorta and in the other group (86 patients) preserved after skeletisation: they found statistically significant lower incidence of anastomotic leakage in a group with preserved IMA (8) . However, the essence of this result is the fact that in a group with IMA preservation the blood supply to superior rectal artery was intact too, and likely the positive benefit of the low ligation was related not only with better blood supply to proximal colon, but more importantly with proper blood supply to the upper rectum.
In colon cancer surgery, the aim of the high ligation is to improve overall survival by removing all the possible deposits of lymphatic regional cancer spread. In recent de-cades, a concept of total mesocolic excision (CME) has been introduced by Hohenberger using similar philosophy as was used describing total mesorectal excision for rectal cancer. His improvement in reduction of local recurrence rates and 5 year survival are impressive, and the key points are high vascular ligation and completeness of regional excision of all possible cancer draining tissues while following embryonic mesocolic planes (9) . In the latter study, from a total number of 1329 patients more than half (58.5%) were treated for sigmoid or descending colon cancer. It is undeniable that his CME concept in right hemicolectomy is different, while his CME principles in left hemicolectomy or sigmoidectomy are very similar to generally accepted ones, core point being high vascular ligation. It justifies our strategy to perform high ligation of IMA aiming to best possible oncological results. Again, we did not have any adverse effect of high ligation in terms of safety of anastomosis in a large group of unselected 228 patients.
Slanetz CA and Grimson R evaluated data on 2409 consecutive patients operated on for colorectal cancer with curative intent in Columbia-Presbytarian Medical Center (10) . Operative data (including level of vascular ligation) and pathology reports were well documented. They found statistically significant survival benefit in favour of high ligation: in stage II and in certain subgroups of patients having stage III colorectal cancer. There was lower incidence after high ligation of local recurrence and suture line recurrence in patients with stage II and III. Kanemitsu et al (11) looked at the incidence and distribution of metastatic lymph nodes in relation to survival benefit after high ligation of IMA in station 253 (proximal to origin of left colic artery) and station 252 (through the bifurcation of the superior rectal artery) according to Japanese criteria (12) . They demonstrated incidence of metastatic lymph nodes in colorectal cancer to be 1.8% in station 253 and 8.3% in station 252. In their hands, high ligation allowed curative resection and long-term survival in patients with nodal metastasis in these stations. Alici et al examined specimens of 103 patients who underwent high ligation for left sided colon and rectal cancer, paying special attention to apical node (13) . They found tumour invasion in the apical nodes in 5.8% of patients (above left colic artery), and in 1.9% of these cases even skip metastasis were noted: no other lymph node metastasis were determined apart from the apical localization; on an average 4.4+-3.2 apical lymph nodes were harvested. An interesting observation was described in a study from Taiwan where all patients underwent high ligation (14) . They found apical -IMA root -metastasis in 3.1% of cases from 1389 colorectal cancer patients reviewed. Despite the fact that large number of those having IMA metastasis developed tumour recurrence or metastasis, a true survival benefit was observed in a subgroup of those patients who were operated for T4 sigmoid cancer. A systematic review on high versus low ligation of LCA in left colon and rectal cancer Titu et al reviewed one randomized trial, seven quasi-experimental and eight retrospective cohort studies (15) . A total of 7649 patients were analysed, of them 4849 underwent high ligation. Although they could not find evidence of improved survival in high ligation group, latter technique contributed to improved lymph node retrieval and accuracy of tumour staging.
An alternative technique to high ligation of IMA was introduced -a low ligation with lymph node dissection (LND) around the origin of IMA. Yasuda et al compared 42 patients who underwent high ligation with 147 who underwent low ligation with LND (16) . In all parameters both groups were equal: lymph node harvest, overall and relapse-free survival regardless of the presence or absence of metastatic nodes. Sakimoto et al showed that if low ligation with LND is performed laparoscopically, it gives equivalent clearance compared to high ligation as well, and is not related with excessive operative time or bleeding (17). Yet larger prospective studies are needed to confirm the role of low ligation and LND in left sided colon or rectal cancer surgery.
Our data support the opinion, that high vascular ligation while performing surgery for left sided colon cancer is safe. Recorded lymph node harvest after 228 left hemicolectomies or sigmoid resections in our study confirms oncological adequacy of such an approach.
